Influence of fasting on lung oxygen consumption and respiratory quotient. Am. J. Physiol. 230(2): 291-294. 1976. -We measured the oxygen consumption (Qo,) of lung slices from rats and rabbits and the respiratory quotient (RQ) of lung slices from fed and fasted rats. The Qo, of lung slices is lowered within 24 h after the onset of food deprivation; this decrease in Qo, lasts during at least 2 additional days of fasting and is not eliminated by addition of glucose to the reaction medium. In fed rats the RQ of lung slices after 30 min of incubation without glucose is 0.75 t 0.01 (mean t SE) and 0.96 t 0.02 with glucose present. Fasting for 72 h lowers the RQ of lung slices after 30 min of incubation without glucose to 0.68 t 0.03; addition of glucose raises the RQ of lung slices from 72-h-fasted rats to 0.76 2 0.02. We conclude that fasting depresses lung oxidative metabolism.
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In the fed rat glucose is a major substrate for oxidative processes but in the fasting rat the oxidation of glucose is impaired and lipids are an important source of lung energy. lung CO, production; lung metabolism FARIDY (6) HAS SHOWN that food deprivation increases the surface forces in excised rat lung. Since current evidence indicates that oxidative lung metabolism is required for the synthesis and secretion of components of the surface active lining of terminal lung units (7-10, 18), Faridy's work led us to study the effect of fasting on lung Qo,. We found that fasting lowers the Qo, of lung slices. This finding led us to question the influence of fasting on overall substrate metabolism by the lung. We approached this issue by examining the effect of fasting on the RQ of lung slices and found that fasting lowers lung in vitro RQ.
MATERIALS AND METHODS
AnimaZs. We used male New Zealand rabbits (Ginrich Animal Supply, Fredericksburg, Pa.) and male Long-Evans hooded rats (Blue Spruce Farms, Inc., Altamont, N.Y.). Fed animals were allowed food (Wayne rabbit ration for rabbits and Wayne Lab-Blox for rats, Allied Mills, Inc., Chicago) and water ad libitum. Fooddeprived animals were allowed water ad libitum. All animals were housed in cages that prevented coprophagia. The animals' weights are given in Table 1 . The animals were killed by cutting of the abdominal aorta after the intravenous (rabbits) or intraperitoneal (rats) administration of pentobarbital sodium (30 mgkg) l
Oxygen consumption. After sacrifice, the left atria1 appendage was removed and the lung perfused via the pulmonary artery with cold Krebs-Ringer phosphate (KRP) medium (19) until the lungs appeared free of blood. The lungs were then removed from the thorax, rinsed externally with cold KRP medium, and sliced with a McIlwain tissue slicer (Brinkmann Instruments, Westbury, N.Y.) that was set to make slices 1.0 mm thick. In our initial experiments we wished to measure only the Qo, of lung slices. To do this we placed about 200 mg of lung tissue in Warburg flasks containing 2.5 ml of KRP medium. The flask center well contained 0.2 ml of 10% KOH and a 2-cm paper strip. The flasks were attached to a Gilson differential respirometer (Gilson Medical Electronics, Inc., Middleton, Wis.) at 4O"C, shaken at a frequency of 12O/min, and gassed with 100% 0, for 10 min. Side arms were then closed and the flasks allowed to equilibrate for 20 min. Measurements of oxygen consumption were then made every 10 min for 70 min. Only the measurements made during the last 60 min were used for the final calculation of Qo,. At the conclusion of the incubation the flasks were placed on ice and 2.5 ml of cold 20% trichloroactic acid was added. The lung tissue was then homogenized and assayed for DNA (3, 8) with calf thymus DNA (Mann Research Laboratories, Inc., New York) as a standard. The Qo, of lung slices from each animal was measured in two or three replicate flasks.
Respiratory quotient. The lung tissue was obtained and sliced as described above. About 200 mg of sliced lung were then placed in Dixon-Keilin flasks that contained 3.0 ml of KRP medium, 0.3 ml of 3 N NaOH in the center well, and 0.3 ml of 5 N H,SO, in the side arm.
The flasks were attached to a Gilson differential respirometer at 4O"C, shaken at a frequency of 120/min, and gassed with 100% 0, for 10 min. Side arms were then closed and the flasks allowed to equilibrate for 20 min. The operating valves of the respirometer were then closed and the Qo, was measured every 10 min with the NaOH exposed to the flask atmosphere. The stopcocks of the center wells were then closed to remove the NaOH and net gas exchange (02 consumption and CO, production) was measured every 10 min for an additional 30 min. Acid from the side arm was then tipped into the tissue compartment for the determination of bound CO, (Bcoa. A fin a reading was taken after 10 min when the 1 flask volume had stabilized (4).
We found that the Qo, is linear with time for at least 1 h (see below) so that CO, production can be reliably 292 GREGORIO, GAIL, AND MASSARO is a linear function of time for at least 60 min (not shown). The rate of total CO, production @co& was calculated from the sum of the rate of free CO, production during the net gas-exchange period and the l&o,. At the conclusion of the experiments DNA was measured as described above. Effect of food deprivation on lung go2. The Qo2 of lung slices from fed rabbits and from rabbits fasted for 72 h is linear over the duration of the incubation; food deprivation lowers the Qo, (Fig. 1) . Figure 2 provides similar evidence of the linearity of the in vitro Qo, in fed rats and in rats fasted for 48 h and shows that fasting also lowers the in vitro Qo, of rat lung. The Qo2 is also linear with time at the .other periods of fasting studied (not shown). Figure 3 shows the time course of the influence of fasting on the Qo2 of rabbit and rat lung slices. (Fig. 4) . Hence, the RQ can be determined from the measurement of Qoa and Qco2 for successive 30-min periods. Figure 5 reveals that in fed rats lung RQ without substrate in the medium is below 0.8 during a 30-min incubation.
Food deprivation causes a stepwise fall in RQ that attains statistical significance (P < 0.001, by an unpaired t-test) after 72 h. Effect of perfusion on lung go2 and RQ. The studies just described were performed on slices from lungs whose pulmonary vessels had been perfused with KRP medium in an attempt to decrease any potential influence that intravascular blood cells might have on the Qo, and RQ. We then wished to determine if the perfusion might itself influence these measurements.
Therefore, in five rats, we perfused one lung through its pulmonary artery with cold KRP medium but did not perfuse the other lung. The Qo, ($030 min-lerng DNA+) of slices from the nonperfused lungs was slightly higher, 104.0 t 3.8 (mean t SE), than the Qo, of slices from the perfused lungs, 93.4 2 1.9 (P = 0.05 by a paired t-test analysis). The 30-min RQ of slices from the nonperfused lung is also slightly higher, 0.77 2 0.02, than that of slices from the perfused lung, 0.74 t 0.02 (P = 0.05 by a paired t-test analysis).
Effect ofglucose on lung Qo, and RQ in fed and fasted rats. Since glucose is considered to be an important 
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RQ is incomplete within 10 min after the incubation is started (not shown). In rats fasted for 72 h 5 mM glucose produced a much smaller increase in RQ during a 30-min incubation than it did in fed rats; in fasted rats 10 mM glucose failed to elevate the RQ to the value attained in fed rats with 2.5 mM glucose. Incubation with 10 mM glucose for 1 h failed to increase in RQ beyond that seen with 10 mM glucose after 30 min. Fig. 1 except that 3.0 ml of KRP medium was used; symbols as in Fig. 1 . P < 0.001 by unpaired t-test analysis for difference between fed and fasted rats at each point.
The present study has shown that food deprivation causes a decrease in the Qo, of lung slices. In rabbits the [ lowest Qo,, about 25% below control levels, is attained within 24 h of the onset of fasting; it remains at this level for at least the next 48 h. The fall in lung QoZ is less sharp in the rat but the final extent of the decline is the same in both species. By comparison, fasting for 3 days lowers the Qo, of rat kidney slices by about 10% (15). Fasting dogs for 11 days lowers the &o, of skeletal muscle about 20% (13). Food deprivation for 24 h lowers the Qo2 of rat liver slices about 15% (22) or not at all (2). In the rat, fasting for 24, 48, and 72 h lowers the total body Qo, about 8, 13, and 20%, respectively (16). Thus, we found a somewhat greater effect of food deprivation on the lung than others found on other organs or on the whole organism.
The effect of fasting on lung Qo, led us to question its influence on glucose oxidation. This question has been considered before and has been examined with isotopic precursors to assess conversion of glucose to CO, (14). The results of these studies are consistent with the notion that fasting interferes with glucose oxidation by lung slices. However, because these studies used isotopic precursors to measure glucose conversion to COe, one encounters the problem of the relative extent to which the isotope is diluted by the nonisotopic intracellular precursor pools under the two conditions (fasting and 0.9 t-0.8 - Fig. 4 plus an additional group of rats fasted for 48 h. P < 0.001 between fed and 72-h-fasted animals; symbols are as in Fig. 1 .
substrate in the lung we examined its influence on the Qo, and RQ of lung slices from fed and fasted rats. Glucose produces a slight increase in the Qo, of lung slices from fed rats (P < 0.05) ( Table 2 ). This small increase in Qo, with glucose is similar to that recently reported (5). In rats fasted for 72 h glucose does not increase the Qo, of lung slices. In fed rats the 30.min RQ of lung slices without glucose is 0.75 2 0.01; glucose causes an increase in the RQ (Table 2 ). This increase in GREGORIO, GAIL, AND MASSARO nonfasting). If fasting does alter the nonisotopic precursor pool, one may be misled regarding the extent of glucose oxidation if one equates the oxidation of nonisotopic glucose with the oxidation of isotopic glucose.
These considerations led us to assess substrate oxidation by measuring the influence of glucose on lung RQ. The RQ value below 0.8 in slices from either perfused or nonperfused lung indicates that the slices from fed rats oxidize mainly endogenous lipid in the absence of exogenous glucose. In the presence of glucose, but without exogenous lipid, glucose is the preferred substrate.
The time course of the change in RQ indicates that the lung's store of glucose must be rather small; in the absence of exogenous glucose, in either perfused or nonperfused lung, the RQ is below 0.8 after 10 min of incubation but rises to about 0.95 within 10 min after incubation in the presence of 5 mM glucose. Our findings in lung slices agree with results from intact isolated ventilated and perfused lungs showing that in the presence of glucose the RQ approaches unity but falls when glucose is removed from the perfusing medium (20). These findings differ somewhat from those of Barron et al. (l) , who reported a RQ of 0.85 for rat lung slices in the presence of glucose.
Exogenous glucose does not cause as large an increase in the RQ of slices from fasted rats as it does in slices from fed rats. This may be because the initial glucose levels in the lungs from starved rats are so low that even with rapid uptake of exogenous glucose its availability as a substrate limits its rate of oxidation to CO,. We think this is unlikely for two reasons. First, the plasma glucose concentration in fed rats is about 9 mM and in rats starved for 72 h it is about 7 mM (14), but we found that as little as 2.5 mM glucose in the medium raised
